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1. Introduction
Maternal and child undernutrition is highly prevalent in low- and middle-income counties 
(LMICs), resulting in substantial increases in morbidity, mortality, death, and overall disease 
burden (Black, Allen, Bhutta, et al., 2008; Hosangadi, Kaslow, Giersing, et al., 2019). It 
accounted for almost 97 million disability-adjusted years of life among under-five children, 
98% of which occurred in LMICs (Islam, Rahman, Rahan et al., 2019). Child undernutrition 
in developing countries remains a significant cause for more than one-third of all child deaths 
under the age of five (United Nations Children Fund [UNICEF], 2011). Child malnutrition 
causes 3.5 million children under the age of five to die each year in the world at the third level 
in this age group’s disease burden (Messelu and Trueha, 2016). Lack of food affects physical 
and intellectual growth, harms the immune system, increases morbidity and mortality 
possibilities (Uthman, 2012). Nutritional status stands as a result and impact indicator when 
assessing development in the direction of achieving the Sustainable Development Goal. 
Child mortality is remarkable in one of the world’s problems, especially in the first 5 years 
of age, which is a problem for public health in African and Asian countries (Das, 2015).
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India is the second largest populated country in the world. The country accounts for nearly a third of the global burden 
of stunting. Over 38%, or 46.6 million, children are stunted in India. While there are 51 million wasted children in the 
world, India alone houses 25 million (50%) of them. In 45% of under-five child mortalities, chronic malnutrition is the 
underlying factor (UNICEF, 2019). The term malnutrition comprises both undernutrition and overnutrition, and it is a 
significant factor causing child mortality around the world (Markos, 2014). Stunting, wasting, and underweight are three 
widely recognized indicators of a child’s physical growth and to describe the nutritional status (Khan, Zaheer and Safdar, 
2019; Akombi, Agho, Merom, et al., 2017). According to National Family Health Survey (NFHS-4), the percentage 
of children stunted, underweight, and wasting is 38%, 36%, and 21%, respectively, whose children aged 0-59 months 
(International Institute for Population Studies [IIPS], 2017).
Literature also indicates significant variations in specific risk factors for child malnutrition through the application of 
statistical models and several techniques (Kumar, Kumari and Singh, 2015; Messelu and Trueha, 2016; Mishra, Pandey, 
Chaubey, et al., 2015; Corsi, Mejía-Guevara and Subramanian, 2015; Talukder, 2017; Boah, Azupogo, Amporfro et al., 
2019; Kang and Kim, 2019; Alom, Amirul and Quddus, 2009). We have employed multiple logistic regression model(s) 
with binary outcomes and concentration index (CI) functions to examine the various determinants of under-nutrition and 
its associated risk factors in India using NFHS-4 data.
The three leading indices are used to measure the nutritional imbalance resulting in child undernutrition. Stunting 
(Short height for age) – is the reason for long-term nutritional inadequacy, which brings about reduced intellectual capacity, 
poor school execution, and delayed mental development. The results in exposure of a child to repetitive infections or 
diseases pose a higher risk for sickness and death, and it influences on financial productivity. In women, stunting leads 
to numerous obstetric intricacies as a result of a smaller pelvis. It makes them give birth to newborn children with 
low birth weights, and it causes infant growth which lean toward the shorter physical frame as adults (World Health 
Organization [WHO], 2010). Wasting (low weight for length/height) – is a symptom of acute undernutrition, which 
impairs the functions of the immune system. It exposes the child to infectious disease and an increased risk of death, 
which is also a result of insufficient food consumption or a high frequency of irresistible illnesses, particularly diarrhea 
(WHO, 2010). Underweight (low weight for age) – is a composite indicator of stunting and wasting, which is considered 
both acute and chronic malnutrition (Mishra, Pandey, Chaubey, et al, 2015). Literature has demonstrated that the mortality 
risk of underweight children increased (WHO, 2010)
According to the literature, child undernutrition was strongly associated with socioeconomic status such as mother’s 
household status, education, and nutritional status, and demographic variables such as child age, birth duration, and child 
size at birth (Messelu and Trueha, 2016; Corsi, Mejía-Guevara and Subramanian, 2015; Talukder, 2017; Boah, Azupogo, 
Amporfro, et al., 2019; Kang and Kim, 2019; Alom, Amirul and Quddus, 2009; Dessie, Fentie, Abebe, et al., 2019; 
Mishra, Pandey, Chaubey, et al., 2015; Kumar, Kumari and Singh., 2015).
The present study aims to investigate the socio-economic, demographic, and health determinants associated with 
undernutrition among the under-five age of children from NFHS-4 data in India.
Therefore, the national level recent data (NFHS-4) of India are useful in understanding its causes, and to identify 
the determinants of undernutrition among the under-five age of children. We hope that these findings will be helpful for 
policymakers, researchers, and other stakeholders to formulate appropriate strategies for removing regional imbalance in 
terms of undernutrition in the nation and its differential attributes among Indian states.
2. Data and Methods
Data are used from a 4th round of the NFHS-4, conducted by 2015-2016 (IIPS, 2017). The survey was conducted and 
obtained information about population, nutrition, and health information from each of the 29 states, for each of the seven 
union territories, of the total 640 districts in the country in India. The NFHS-4 was conducted by interviewing randomly 
selected women aged 15-49 and men aged 15-54. Stratified 2-stage sampling was used as the sampling design for the 
NFHS-4 study. In the first stage, the primary sampling units were selected, and in the second stage, the households for the 
study were selected. Primary sampling units with at least 300 households were divided into segments of approximately 
100-150 households. Two of the segments were selected using systematic sampling with probability proportional to size. 
From each selected rural and urban cluster, 22 households were selected using systematic sampling. A total of 628,900 
households were selected for the sample, of which 616,346 were occupied. Of the occupied households, 601,509 were 
successfully interviewed, for a response rate of 9%. In the interviewed households, 723,875 eligible women age 15-49 
were identified for individual women’s interviews. Interviews were completed with 699,686 women, for a response rate 
of 97%. NFHS-4 first provided district-level estimates for several significant markers. For this study, we considered 
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anthropometric indicators of unit-level data of 209,377 (after excluding missing and flagged cases) children aged 
0-59 months.
2.1. Dependent Variable
Three markers of height-for-age, weight-for-age, and weight-for-height z-scores provide a complete picture of children’s 
severe undernourishment; subsequently, we utilized anthropometric information on these three-pointers to study the child 
undernutrition. To estimate all three markers, we embraced another reference population of the WHO 2006 (Multicenter 
Growth Reference Study Group, 2006). As indicated by the WHO rules, if height-for-age Z-score of a child is <2 standard 
deviations (SDs), weight-for-age Z-score of a child <2 SDs, and weight-for-height Z-score of a child <2 SDs then the 
child is classified as stunted, underweight, and wasted, respectively. Thus, these three nutritional indices are treated as 
dependent variables and dichotomized. While those that were malnourished (Z- score below −2 SD) were coded as one 
and nourished children (Z- score above −2 SD) were coded as 0.
2.2. Independent Variable
Three classes of elements were evaluated as independent factors; First, socio-economic and demographic variables such 
as wealth index (poorest, poorer, middle, richer, and richest), and religion (Scheduled Caste, Scheduled Tribe, Other 
Backward Class, and Other caste) are taken into consideration. Second, child characteristics such as child age in months 
(0-6, 7-12, 13-24, and 25-59), birth order (1, 2, 3, 4, and above), and size at birth (average, small, and large) are taken. 
Third, maternal characteristics considered (Maternal age 15-49 years), maternal nutritional status (underweight: Body 
mass index [BMI] <18.5, normal/healthy weight: 18.5 <BMI <25, and overweight/obese BMI >25.0), and mother’s 
education (No education, <5 years education, 5-7 years, 8-9 years, 10-11 years, 12 years or more) are considered. For 
the independent variable child age, 0-6 months were taken as the reference category for stunting and underweight (Khan, 
Zaheer and Safdar, 2019). For wasting, the reference category was chosen as 25-59 months since children aged 0-6, 7-12, 
and 13-24 months age group are the most affected by wasting and severe wasting (Akombi, Agho, Merom, et al., 2017).
2.3. Statistical Analysis
2.3.1. Logistic regression
The binary logistic regression analysis was carried out to identify the factors associated with child malnutrition. Odds 
ratio with 95% confidence interval was used to study the effect of independent variables (namely, child age in months, 
mother’s educational status, mother’s nutritional status, type of caste, wealth index, birth order, and size of a child at 
birth) on dependent variables being the three indicators of nutritional status (stunting, wasting, and underweight) (Bewick, 
Cheek and Ball, 2005). This analysis was performed utilizing the Statistical Package for the Social Sciences (SPSS), 
version 19.0 software.
2.3.2. CI
It quantifies socio-economic inequality and CI for nutritional status. It can be described utilizing the concentration curve, 
(Y-axis) which determines the cumulative percentage of undernourished children, whereas (X-axis) determines the total 
percentage of children ranked by household wealth status, and it begins with the poorest wealth quintile to the richest 
wealth quintile. When “y” takes on higher quality for poorer people, the concentration curve lies above the equality 
line. If the “y” takes lower confidence, the reverse is true, the health concentration curve lies below the equality line. 
The CI is termed as positive when the concentration curve lies below the diagonal and negative when it lies above the 
diagonal. Thus, the minimum and maximum value that CI assumes is −1 and +1 (Wagstaff, Paci and van Doorslaer, 1991; 
Giashuddin, Rahman, Rahman, et al., 2009; Kumar, Kumari and Singh et al., 2015). We calculated the corresponding 
indices and their CI, by the following formula for the grouped data case.
1 2 2 1 2 3 3 2 -1 -1 (  -  ) (  -  ) ... (  -  )T T T TC p L p L p L p L p L p L= + + +
Where p is the cumulative percent of the sample ranked by economic status, L(p) is the corresponding concentration 
curve ordinate, and T is the number of socio-economic groups (O’Donnell, van Doorslaer, Wagstaff, et al., 2008; Zere, 
Tumusiime, Walker, et al., 2010).
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3. Results
3.1. Descriptive Statistics
The descriptive results are presented in Table 1. In all the data about (248,174), children in the age group of 0-59 months 
were analyzed. Among them, 20% of children were stunted in the age group 0-6 months and steadily increased to 42% in 
the age group of 25-59 months. This indicates that the rate of stunting is found to be higher as the age increases, similar 
patterns in underweight. About half of the stunted children had mothers with no education, 45% of the children had 
mothers with <5 years of education. Furthermore, a similar pattern was observed among the underweight and wasted 
children.
The prevalence of stunted, underweight, and wasting children is declining with the rise in mother’s education. Over 
50% of children in the poorest households were stunted, and it was 23% among the higher economic group. The frequency 
of stunted children in the scheduled caste is 44%, and it is decreased to 31% in general caste or other castes. Furthermore, 
the same was observed in underweight and wasting. About 49%, 43%, and 22% of the children were stunted, underweight, 
and wasting of forth or more birth order was decreased in the birth order one. Nearly 44% of the children belonging to the 
scheduled cast were stunted; the prevalence of stunted children in the other caste groups was around 31%. Underweight 
and wasted children were more among scheduled castes, and the prevalence was quite low among the other caste groups: 
47%, 48%, and 27% of the children whose mother’s nutritional status was BMI <18.50 were stunted, underweight, and 
wasted. The nutritional status of children was less common among the children’s mothers’ BMI >25.0. The prevalence of 
stunting, underweight, and wasting decreases as the mother’s nutritional status increases. The Chi-square test performed 
on all selected categorical variables were found significantly related to the nutritional health status of the children
3.2. Multiple Logistic Regression Analysis
3.2.1. Risk factors for stunting
As shown in Table 2, it is noted that the odds of being stunted increased after the first 6 months of life. Children in the 
age group of 25-59 were 3 times more likely to be stunted when compared to the children in the age group of 0-6 months. 
Children in the age group of 13-24 months, 7-12 months age were 3 and 1.4 times more likely to be stunted, respectively. 
Children with small size (lower weight) at birth were 1.5 times more likely to be stunted than children with large size 
(heavier weight) at birth. Children with a higher birth order were more likely to be stunted than those having lower birth 
order. Children with birth order four and above had 1.3 times more chances of being a shorter height for their age.
The odds ratios reduced with the increase in mother’s education. Illiterate mothers were twice as more likely to be 
stunted as compared to children of literate mothers whose education is of 12 years or more and similar to the mother’s 
nutritional status. Children, whose mothers’ BMI was below normal, were 1.2 times more likely to be suffering from 
chronic malnutrition as compared to those children whose BMI was normal. Children belonging to the poorest families 
are facing twice the risk of being stunted as compared to those belonging to richest families. Scheduled caste/tribes and 
other backward class families were more likely to have stunted children than other castes.
3.2.2. Risk factors for underweight
From Table 2, it was found that the factor approaching as the most reliable determinant was households’ wealth index. 
Specifically, there exists an inverse relationship between the wealth quintile and the child’s nutritional status. The household 
with the poorest wealth status was twice more likely to have underweight children as compared to the households which 
belong to the richest wealth quintile. Furthermore, it was in the mother’s nutritional and educational status. Children with 
mother’s nutrition (BMI <18.50) had 1.6 times the risk of being underweight than those whose mothers who were well-
nourished and the same as the risk of having malnourished children than whose mothers had an education of 12 years or 
more.
The present study showed that the possibility of being underweight increased with an increase in the child’s age. Among 
the children, age group of 25-59-months, the odds ratio for underweight was 2 times than children in the 0-6 month’s 
age group. Children with a smaller size at birth were 1.7 times more likely to be thinner for their age than children with a 
larger size at birth. Taking caste into consideration, children belonging to the scheduled caste and those belonging to other 
backward classes were 1.3 times more likely to be underweight. Children having birth order four and above were more 
prone to be underweight as compared to children having birth order 1.
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Table 1. Sample distribution and prevalence of stunting, underweight, and wasting children between the ages of 0 and 59 month’s 
children (2, 48, and 174) by factors at different levels, based on NFHS-4 of samples.
Variables n % Stunting Underweight Wasting
Age in months (6124.75)* (1490.77)* (1985.74)*
0-6 23,768 9.6 20.3 26.2 29.4
7-12 23,528 9.5 25.5 28.9 25.9
13-24 46,488 18.7 43.7 34.7 20.9
25-59 139,271 56.1 42.3 37.4 18.1
Missing 15,119 6.1
Size at birth (833.19)* (1402.74)* (279.33)*
Large 42,073 17.0 35 31.2 19.6
Average size 169,966 68.5 38.1 34 20.2
Small size 29,960 12.1 46 44.7 24.5
Missing 6175 2.5
Birth order (2542.13)* (1686.56)* (47.90)*
1 92,026 37.1 34 31 20
2 76,094 30.7 37.2 33.8 20.2
3 39,766 16.0 42.2 38 21.3
4 and above 40,288 16.2 48.7 42.6 21.5
Mother’s nutritional status (3161.16)* (7274.44)* (2411.05)*
BMI <18.45 58,165 23.4 46.6 48.2 26.9
BMI 18.5<BMI <25.0 151,571 61.1 38.7 33.1 19.9
BMI >25.0 34,451 13.9 27.3 20.4 13.1
Missing 3987 1.6
Wealth index (9006.39)* (9445.96)* (1123.86)*
Poorest 65,229 26.3 51 48.2 24.9
Poorer 58,870 23.7 43.1 38.2 21
Middle 49,648 20.0 36.1 31.2 19.2
Richer 41,207 16.6 29.4 26.1 18.2
Richest 33,220 13.4 22.6 19.8 16.8
Mothers education (8419.24)* (7836.10)* (560.43)*
No education 77,603 31.3 49.7 45.6 23.2
<5 years education 15,841 6.4 45 39.7 20.9
5-7 years education 40,097 16.2 40.5 36.6 21
8-9 years education 44,222 17.8 35.3 31.3 19.6
10-11 years education 27,223 11.0 30 27.1 19
12 years or more 43,188 17.4 24.1 21.2 17.6
Caste/tribe (1538.89)* (1624.13)* (240.69)*
SC 46,845 18.9 43.6 39.9 21.9
ST 49,544 20.0 39.9 35.1 21.8
OBC 97,529 39.3 39.7 36.6 21
Other caste 43,191 17.4 30.8 27.1 18
Missing 11,065 4.5
Figures in parenthesis are the Chi-square statistics; c2 test applied for each factor. Level of significance: *p < 0.01. 
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3.2.3. Risk factors for wasting
As shown in Table 2, the strongest determinant of acute malnutrition is identified as the mother’s nutritional status. The 
children whose mother’s BMI is below normal (BMI <18.5) were at higher risk of being wasted than those of children 
Table 2. Effects of explanatory variables on child nutritional status (95% CI; binary logistic regression models, estimators for the 
selected attributes) among children (209,377) aged 0-59 months NFHS-4.
Variables Stunting Underweight Wasting
OR 95% C.I. OR 95%C.I. OR 95% C.I
Age in months
0-6 1.00 1.00 1.89 1.83-1.96
7-12 1.35 1.28-1.41 1.11 1.06-1.16 1.55 1.50-1.60
13-24 3.17 3.05-3.30 1.48 1.42-1.54 1.17 1.13-1.20
25-59 2.94 2.84-3.05 1.70 1.65-1.76 1.00
Size at birth
Large 1.00 1.00 1.00
Average Size 1.09 1.07-1.24 1.09 1.06-1.12 1.02 0.99-1.05
Small size 1.47 1.42-1.52 1.65 1.59-1.71 1.26 1.21-1.31
Birth order
1 1.00 1.00 1.00
2 1.08 1.06-1.11 1.08 1.06-1.10 1.03 1.00-1.05
3 1.15 1.11-1.18 1.12 1.09-1.15 1.02 0.98-1.05
4 and above 1.27 1.23-1.30 1.15 1.12-1.18 0.97 0.94-1.01
Mother’s nutritional status
BMI <18.5 1.24 1.21-1.26 1.67 1.63-1.70 1.43 1.39-1.46
BMI 18.5<BMI <25.0 1.00 1.00 1.00
BMI >25.0 0.77 0.75-0.80 0.66 0.641-0.68 0.68 0.66-0.71
Mothers education
No education 1.71 1.65-1.78 1.67 1.61-1.72 1.15 1.10-1.19
<5 years education 1.54 1.47-1.61 1.47 1.40-1.54 1.04 0.99-1.10
5-7 years education 1.44 1.39-1.49 1.41 1.37-1.47 1.08 1.04-1.13
8-9 education 1.28 1.24-1.32 1.25 1.20-1.29 1.02 0.98-1.07
10-11 education 1.15 1.10-1.19 1.16 1.11-1.20 1.05 1.00-1.09
12 years or more 1.00 1.00 1.00
Wealth index
Poorest 2.14 2.05-2.22 2.11 2.02-2.19 1.25 1.19-1.30
Poorer 1.77 1.70-1.84 1.62 1.56-1.68 1.06 1.01-1.10
Middle 1.48 1.43-1.54 1.35 1.30-1.40 1.01 0.97-1.05
Richer 1.22 1.17-1.26 1.19 1.14-1.23 1.01 0.97-1.05
Richest 1.00 1.00 1.00
Caste/tribe
SC 1.29 1.25-1.33 1.29 1.25-1.33 1.11 1.07-1.15
ST 1.04 1.01-1.07 0.99 0.96-1.03 1.10 1.05-1.14
OBC 1.21 1.18-1.24 1.25 1.21-1.28 1.10 1.06-1.13
Other caste 1.00 1.00 1.00
Constant 0.08 0.18 0.16
For the factor child’s age in months, for stunting and underweight, reference was taken as 0-6 months and for wasting, reference was taken as 25-59 months. CI: Confidence 
interval and OR: Odds ratio.
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whose mother’s BMI is normal. Later it was observed that there was an inverse relationship between children’s age 
and wasting, thus the odds ratio for wasting decreased with an increase in the child age. Among the children in the age 
group of 25-59 months were twice likely to be wasted than those of the age group between 0 and 6 months. Wasting has 
an inverse relationship with the mother’s educational status and household wealth index. Children of mothers whose 
educational level is <5 years were 1.2 times more likely to have wasted than children of mothers whose level of education 
is 12 years or more. The odds of having acute malnutrition were 1.3 times more among the children belonging to the 
poorest family as compared to their reference. In comparison to the child belonging to other castes, SC, ST, and OBC 
were prone to be wasted. Babies born with smaller size were 1.3 times more possible to be wasted than that of babies born 
with the larger size
3.3. CI
The CI for stunting was −0.14 (standard error SE = 0.04), and a negative value indicates that the higher probability of 
being stunted is seen in poor children than their better-off peers. Similarly, the CI for underweight and wasting was 
observed as −0.16 (SE = 0.04) and −0.08 (SE = 0.02). These negative values imply that poor children had a higher 
probability than their better-off peers in underweight and wasting.
Similarly, the concentration curve for stunting, underweight, and wasting in India for the year of 2015-2016, 
respectively is, represented in Figure 1. The plot shows that the concentration curve for all three nutritional indices lie 
above the line of equality, which suggests that the burden of malnutrition was higher among the under-five aged children 
who have poorer wealth index. The negative sign of the CI (Table 3) also confirms this graphical exploration of inequality 
in child undernutrition.
4. Discussion
This study identified that the risk factors associated with child malnutrition are in terms of stunting, underweight, and 
wasting among 0-59 month’s age children in India using the NFHS-4 data. Our study revealed that the factors (Child’s age 
Figure 1. Concentration curves for the child malnutrition (Stunting, underweight, and wasting), India 2015-2016.
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in months, mother’s education, size of a child at birth, wealth index, type of caste, and mother’s nutritional status) have a 
significant association with child nutritional status. Child’s age in months emerged as one of the strongest determinants of 
the nutritional status of children. In the first 6 months of life, stunting and underweight children were least and, it increased 
with the increase in age. Similar findings, along with other child health-related indicators, were reported from India 
(Singh, Srivastava and Upadhyay, 2019; Mishra, Pandey, Chaubey, et al. 2015; Vir, 2013). In malnourishment, the size of 
a newborn baby at birth plays a significant role. This study reveals that children have the least risk of being malnourished 
if they were born healthy and large size at birth when compared to children who were born weak (Rahman and Sultana, 
2019; Prado and Dewey, 2014). A child with higher birth orders is at a greater risk of being severely undernourished. It 
may occur due to lack of food supplementation to the children (Rahman, 2016).
Household’s economic status also affects child malnutrition. In this study, we observed that odds of being stunted, 
underweight, and wasted were significantly higher among children with the lowest socio-economic background. Since these 
lower-income families are having limited access to food, health services and unable to fulfill the basic needs of children, 
which effects in growth and development of children (Agrawal, Farrell, Wethington, et al., 2019; Singh, Srivastava and 
Upadhyay, 2019). A child’s nutritional status is likely to be affected by a mother’s educational and nutritional status. 
This study shows that children of mothers with no education were more likely to be severely malnourished (stunted, 
underweight, and wasted) as compared to children whose mothers are educated. Hence, an association was found between 
maternal education and child nutritional status, which is consistent with several previous studies (Mishra, Pandey, 
Chaubey, et al., 2015; Khan, Zaheer and Safdar, 2019). Educated mothers are well aware of the nutritional requirements 
of infants, also make comparative choices of existing health services over traditional practices for improved health care 
of their children. Hence, they are capable of taking proper care as compared to illiterate mothers, who may contribute to 
the increase in malnourished children (Banerjee, Alok, Lakhtakia, et al., 2019; Hetherington and McNally, 2020). Hence, 
these maternal characteristics should be carefully examined for executing proper interventions to reduce the burden of 
child malnutrition status in India.
The present study also established a strong association between the child’s and the mother’s nutritional status. Healthy 
mothers (children whose mothers BMI is not below normal) were more likely to produce healthy and well-nourished 
children as compared to the unhealthy and weak undernourished mothers. Therefore, the risk of stunting, underweight, 
and wasting was higher in those children whose mothers’ BMI was below normal. Social characteristics were also one 
of the significant determinants of child malnutrition other than demographic characteristics. Hence, mothers belonging 
to the scheduled castes or tribes were more likely to have malnourished children than those who are not from any of the 
sub-classes mentioned.
5. Conclusions
According to the findings, the poorest family children were associated with an increased risk of undernutrition when 
compared to the wealthiest of children. Child undernutrition causes the poorer family to bear an extra burden, resulting in 
more illnesses in additions to infectious and non-communicable diseases. There is an immediate need to establish services 
to low-income families to avoid child malnutrition. In the health sector, priority should be given to current programs for 
children suffering undernutrition, as well as for the most deprived group of families. The findings of this study illustrate 
the need to increase the level of education of parents, to improve the nutritional status of the mother and therefore achieve 
better nutritional status among under-five children in India.
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